The objective of this study is to solve the two-dimensional heat transfer problem in cylindrical coordinates using the Finite Difference Method. From a computational code built in Fortran, the numerical results are presented and the efficiency of the proposed formulation is proven from three numerical applications, and in two of the numerical solution is compared with an exact solution from L norm.
Introduction
This work will be used difference method to solve a problem of heat transfer by conduction and convection, which is governed by a second order differential equation in cylindrical coordinates in a two dimensional domain. The formulation via finite difference method transforms the problem into a linear equation system and then from a computer code built using Fortran this linear system is solved by the Gauss-Seidel method [1] . The efficiency of the method will be examined comparing this result with the result of an exact solution through the L∞ norm. Here will also be presented a heat conducting application occurring in two different materials.
Model Equation
As already stated, this paper is investigated numerically the two-dimensional heat transfer in cylindrical coordinates (steady state) where from [1] [2] , has the equation,
where T(z,r) is the temperature (K), r and z are the cylindrical coordinates (m), is the thermal conductivity (W/m.K), Vr is the velocity in relation the r direction, Vz is the velocity in relation the z direction, both in m/s, ρ is the specific mass (kg/m 3 ), Cp is the specific heat at constant pressure (J/kg.K) and ̇ is the energy generation (K/s). The application domain of the problem governed by Equation (1) is a cross section of the cylinder, where it is represented by a rectangle of dimensions Lz and Lr, respectively, being the rectangle lengths in the z and r directions.
Then, since, = where  is the thermal diffusivity (m 2 /s), the Equation (1) becomes,
For this work will be used as boundary condition of the form,
where A, B and C are coefficients know, and in r (r is applied in the boundary where r = 0 or r = Lr) or it could be z when analyzed in the boundary z = 0 or z = Lz.
Methodology
For spatial discretization of the Equation (2), in this paper will be used the finite difference method. For the first derivatives of Equation (2) the following central differences of order 2 will be used,
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The second derivatives of Equation (2) are replaced by central differences of order 2 in the form,
The Equations (4-7) will be used to discretize the Equation (2), but for the boundary (Equation (3)) will be used to forward the differences of order 2,
when r = 0 or z = 0, and the backward difference of order 2,
when r = Lr or z = Lz. These expressions can also be found in [3] [4] [5] [6] .
Formulation by Finite Difference Method
Before starting the discretization of the Equation (2), a reorganization will be done as follows,
Substituting Equations (4-7) in Equation (12), for internal nodes, results in
Now for the boundary: a) In z = 0, the equation in the boundary is,
where substituting the Equation (8), results in,
b) In r = 0, the equation in the boundary is,
where substituting the Equation (9) 
Numerical Application
Here, three applications will be proposed, the first two applications the solution of the numerical method is compared with the exact solution from the L norm for analyze the efficiency of the method. In the third application, the numerical method is applied to a heat conduction problem occurring through two different materials. Considering L = Lz = Lr and varying the value of h (where h is the spacing between nodes of the mesh), here it is studied the influence of domain size and spatial refinement from the L∞ norm (greater absolute difference between the results of the numerical method and the results of exact solution for each node among the nodes of the mesh), conform Table 1 . It is observed that how much greater the mesh size, more refinement is needed to obtain a good efficiency of the method, however, it is important to emphasize that if L = 4, the temperature values are between 1 and 2980.96, then a 1.15E-01 error for so expressive values becomes insignificant. In this case, is fixed L = 1 and V = Vz = Vr. From the refinement of the mesh the influence of speed was studied as shown in Table 2 , with particular emphasis on examining convergence rate given by expression [7] [8] , CR = log(Error1/Error2)/log(h1/h2).
In this case, analyzing Table 2 , the mesh refinement for all values of V provide an improved numerical solution, and generally in all cases, the convergence of the method is constant. In this problem is studied the influence of plywood as insulation in the temperature distribution in the proposed domain, since the plywood acts as an insulator is assumed that there is a temperature gradient between the two copper plates that are in the same position z. It is observed that conform the mesh is refined (See Figures 2 to 7 
Conclusion
The results obtained from these three applications, it is concluded that the finite difference method is effective in solving problems of heat transfer in cylindrical coordinates what is very advantageous since it is not difficult to understand a formulation and application. 
